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INTENDED LEARNING OBJECTIVES (ILO) ©) 


By the end of this lecture, the student will be able to: 
1. List the components of the NS, CNS & different 


derivatives of various parts of the brain. 

2. List the beginning, termination, shape, meninges & 
support of the spinal cord. 

3. Describe the technique of lumbar puncture & list its 
purposes. 

4. Compare between the ventral & dorsal roots of the 
Spinal Ns. 

5. Compare between exit of spinal Ns. in relation to 
vertebrae & identify its clinical importance. 

6. Differentiate between the ventral & dorsal rami of the 
spinal Ns. 

7. Find the relation between the segments of spinal cord - 
& overiVing vertebral column & identify its climéCak. George a 


Lecture Plan ©) 
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Part 1 (10 min) Introduction to CNS 

Part 2 (15 min) Beginning, termination, shape & support 
of spinal cord 

Part 3 (10 min) Lumbar puncture 

Part 4 (20 min) Spinal nerves, relation between vertebrae 


& spinal cord segments 


Prof. Dr. George F.B. 


Crimmoany, CE min) 


Spinal cord 
General facts 
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Subdivisions of the Nervous System 
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| Developmentally, CNS ts divided into 3 major part) | 


1- Forebrain: 


a. Cerebrum 
b. Thalamus 


2- Midbrain 
3- Hindbrain: 
a. Pons. 


c. Cerebellum. 


MA BER va > 
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izle H. uen 4th ed. Frank H. Netter, 4*^ ed. Frank H. Netter, 4th ed, 


* Cerebrum 
(2 hemi- * Medulla 
spheres) oblongata 
* Thalamus * Cereb- 
et al. (= ellum 
dienceph- 
alon) 


= Midbrain + Pons + Medulla oblongata 
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| Peripheral Nervous System © | 


°12 cranial Ns. 
(Voluntary)  -31 spinal Ns. 


‘Symp. (Thoraco- 
lumbar) 
*Parasymp. (Cranio- 
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Adults 
e Length: 45cm 1.U. month 


* Begins: at the lower border of foramen magnum (or upper border of C1 vertebra), as the 
downward continuation of M.O. 


* Ends: according to age: 

1- Fetus: at the lower end of coccyx. 
2- After the 3 month of intra-uterine life, vertebral column grows faster than spinal cord. 
3- At Birth. spinal cord ends at L3. Neuroscience module 
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| Spinal Cord = Spinal Medulla ©) | 


e Shape: Cylinderical except at 3 
sites: 


1- Cervical enlargement 
(opposite C5-T1 segments Frank H. Netter, 4 ed 


= brachial plexus, to supply 3 MEA ==. 
the upper limbs). 


2- Lumbar enlargement 
(opposite L1-S4 segments 


= L & S plexuses, to supply 4 
the lower limbs). — 


3- Conus medullaris (cone-like 
lower end) Prof. Dr. George F.B. 
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Hope for the best. 
prepare fom 
the worst. 
and —— 
expect 

nothing. 


~ ANnonvmous 


| Spinal Cord €) e Ve SN Spinal nerve 


* 3 Coverings (Meninges): 


1- Outermost (dura) 
2- Middle (arachnoid) 


Both form a tube that 
3- Innermost (pia) ends at the 
lower end of spinal cord by 
forming a thread called Filum 
terminale which passes a 
through sacral hiatus to be | 
attached to Cc1 piece. 


Prof. Dura mater 
fe] Posterior wita | 
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| Spinal Cord €» 


“3 Spaces between the 
meninges: 
1- Extra-dural (Epidural) space: 


Outside the dura; contains fat, small 
VANL. 


2- Sub-dural space: 


Bet. Dura & arachnoid; contains a 
thin film of fluid. 


3- Sub-arachnoid space: 


Bet. Arachnoid & pia; contains CSF 
ti li Prof. Dr. George F.B. 
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| Spinal Cord ©) 


e Support of the spinal cord: 
> Bony attachment of dura 
(attached to S2 piece). 


> 3 supporting ligaments 
traversing the 
subarachnoid space: 


l)Filum terminale (attached 
to Cc1 piece). 


2)?? Denticulate ligs. 
(attached to dura). 


3)2? Subarachnoid se 


| 


| 


h 


A A 
11 j 


A 


" dn | 
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Denticulate ligs.: 


a. Serrated triangular ligs. 


b. Connect the pia & dura, 
perforating the arachnoi 
in water-proof sites. 


c. On each side of the spinal 
cord, between the ventral 
& dorsal roots 22, 


d. 21 in number. 
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| Sub-arachnoid sept) 


| eH E m. 
. [| "ER. 
* |s present in o A 
the 


subarachnoi 
d space. 
* Extends 
from the 
post. median 
septum to 
the Mw ET Denticulate — 
i : igamen 
a ra C h 11 0 | d Be লগ 2 
Posterior angion 
mater. (d) Superior view sulcus 
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Lecture Quiz (€) 


The arachnoid mater of the spinal cord 
ends at the level of which of the following 
vertebrae? 


Prof. Dr. George E 


Lecture Quiz Answer D 


The arachnoid mater of the spinal cord 
ends at the level of which of the following 
vertebrae? 


Prof. Dr. George E 


People Say they Love = E A f ^f — 
But When tt Rai, 
They Use an Umbrella... 


People say They Love the- SUN- 
Brut When it Shines, 
They Search for Shades.-- 


People say they Love the- Vw f Af E? — 
But W hern it Blows, 
They Close thezr VWis.00105..- 


Thats why f jest- SMILE- 
IN hest Keop Le Sayan They Love MA e >> 
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| Lumbar puncture © | 


Cauda equina 


* Technique: 

1- A wide-pore needle 
is inserted exactly in 
the midline of the 
back (in the interval 
bet. the 2 ligamenta 
flava). 


Epidural space 
S 'enous plexus 


Ligarmentur flavum 
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| Lumbar puncture © | 


* Technique: a 

2- Either below 
or above tip of 
L4 spine 
(located at the 
level of 
highest 
points of iliac 
crests). 


p 
m." " I å 


= kB. ^4 -" 
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‘i 
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| Lumbar puncture © | 


* Technique: 

3- The following structures ar 
punctured from superficial t 
deep: 


a. Skin. 

b. Fasciae 

c. Supraspinous lig. 
d. Interspinous lig. 
e. Dura 

f. Arachnoid 


Prof. Dr. George F.B. 
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| Lumbar puncture © | 


Lumbar 
puncture 
needle 


e 


Supra- 


disc spinous 


ERNEST ih += = ligament 
Dura mater — EEUU NIN M ৮২ 2 Filum 
and arach- på CR শত terminale 
nold 


Cauda 
equina in 
subarachnoid 
space 
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* Technique: 

3- The following structures are 
punctured from superficial to 
deep: 


a. Skin. 

b. Fasciae 

c. Supraspinous lig. 
d. Interspinous lig. 
e. Dura 

f. Arachnoid 
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| Lumbar puncture © | 


Diagnostic purposes Therapeutic purposes 

e Obtaining a cerebro-spinal *Removal of CSF (in cases 

fluid (CSF) sample. of increased intracranial 
* Measuring CSF pressure tension; T ICT). 

(in case of meningitis). * Injection of antibiotics (in 
* Injection of air (to do air case of meningitis). 

encephalography ... not e Injection of local 

used nowadays). anesthesia (to do spinal 


anesthesia). 


Prof. Dr. George E] 
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Lecture Quiz (€) 


Lumbar puncture is not indicated in which 
one of the following purposes ? 

A. To take a C.S.F. sample. 

B. To measure blood pressure. 

C. To decrease C.S.F. pressure. 

D. To inject antibiotics. 

E. To do air encephalography. 
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Lecture Quiz Answer D 


Lumbar puncture is not indicated in which 
one of the following purposes ? 

A. To take a C.S.F. sample. 

B. To measure blood pressure. 

C. To decrease C.S.F. pressure. 

D. To inject antibiotics. 

E. To do air encephalography. 
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| Spinal Ns.: 1- Number & shape © | 


°31 pairs arranged as o VENN 
follows: 8C, 12T, SL, 55 & Dura end seachnakd mater å Tea 
] Cc. = Im 


Radicular arteries = 


* Since the spinal cord ends 
at the lower border of L1, 


the lower L., 5. € Cc. Ns. 
from a collection of N. = 


fibers below L1 level, on Pr er T | 
each side of conus Dorsal root ganga — NU 
medullaris, called Cauda pU 

equina. ০০০০০ VS 
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| Spinal Ns.: 2- Direction © | 


*C1,2 > 
horizontal. 

:C3 till 112 > 
oblique (the 
obliquity 
increases as we 
go caudally). 


eL1 till Cc > 
vertical 
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Cervical enlargement 


Thoracio nemes (Ti T121 A 


Filum teirminsle; Terminal filum 


Cauda equina 


KL 7anato my | =) 
Prof. Dr. George F.b. 


Sacral neres and oocoygeal nene (S 1- টি = শা 
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| Spinal Ns.: 3- Applied anatomy © | 


NERVE COMPRESSION: 


* Since the size of spinal Ns. 
increases from as we go 
caudally (the largest of which is 
S1) €: the size ofdHnter-vertebral 
foramina decreases from as we 
go caudally > L4 & L5 Ns. are 


most liable to compressiorr. P | 
Å 
Frank H. Netter, 4^ ed 


er =) 
Prof. Dr. George F... 
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| Spinal Ns.: 4- Roots © | 


» = = n 
Ween os eee lau p 
| BN | | | | | — nw 

[e 


g Dy 2 RC 2 ; s o P Sensory 


Emerges via the Emerges via the 
anterolat. aspect posterolat. aspect 
(sulcus) of the cord. (sulcus) of the cord. 


Contains the axons Contains the axons 
of cells of the ant. + | of cells of the post. 
lat. horns. horn & D.R.G. 


Motor & autonomic Sensory (with a À = — 
in function (without | ganglion called at. Ventra E | 
ganglia) Dorsal Root FÆRK H. Netter, 4" ed. 


Ganglion = D.R.G.) autonomic 
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Emerges via the 
anterolat. aspect 
(sulcus) of the cord. 


Contains the axons 
of cells of the ant. + 
lat. horns. 


Motor & autonomic 
in function (without 
ganglia) 
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Pseudo-unipolar 
cells 


oc 


Emerges via the 
on) 


posterolat. aspect 
(sulcus) of the cord. 


Contains the axons 
of cells of the post. 
horn & D.R.G. 


x D.R.G. , 
২২০০ C) m a\ P 


Sensory (with a 
ganglion called 
dorsal root ganglion 
= D.R.G.) 
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Spinal Ns.: 5- Exit | 7 ANG 
> [হা 

FA | = cs 
ach N. leaves the pp = 
vertebral canal via the E [= 
inter-vertebral foramen A 
in this way: <i Ed 
Above the corresponding vertebra <a Kd 
LOL Above the corresponding vertebra | x E 
C8N. — — Below C7 vertebra p E 
‘T1-L5 > Below the corresponding vertebra FJ [re 
Divide into ant. & post. divisions A 
that pass through ant. & post. | N [c 
sacral foramina [= 
S5 & Cc Ns. Through sacral hiatus | = 
| ES 

L5 


Prof. Dr. George F.B. 
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Spinal Ns.: 5- Exit 0 


ach N. leaves the 
vertebral canal via the 
inter-vertebral foramen 
in this wa 


Divide into ant. & post. 
divisions that pass through 
ant. & post. sacral foramina 
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C1 — C1 spinal nerve exits above C1 vertebra 


På Te. C1 
Base of skull me 52 
ec > 
i c4 
Cervical enlargement —— C4 
EL c 5 
> = C6 
- C7 
E— C7 A A 
ca C8 spinal nerve exits below 
C7 vertebra (there are 8 cervical 
T1 nerves but only 7 cervical vertebrae) 
T2 
T3 
T4 
T5 | Cervical nerves 
T6 PW Thoracic nerves 
T7 EN Lumbar nerves 
18 MIA Sacral and coccygeal nerves 
79 
710 
T11 
Lumbar enlargement T42 
T12 
L1 Conus medullaris (termination of spinal cord) 
L1 
ENS. 12 
L2 
L3 
Cauda equina 
— L4 
Internal terminal filum (pial part) La 
— L5 
L5 


Termination of dural sac 


External terminal filum (dural part) 


54 
— 55 


Coccygeal nerve 
x 
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Spinal Ns.: 6- Rami (Branches) 


e Termination: by 2 
branches = 2 1ry rami 


Ventral Dorsal Dorsal 1ry 


ramus 
l- Larger 1- Smaller 


2- Tend to form 2- Do NOT tend to 
plexuses except form plexuses. 
in thorax where 
prevented by 
ribs. — Z ^ 

3- Supply skin & 3- Supply skin & Ventral å 
Ms. of anterolat. Ms. of back of lry ramus 
aspect of trunk trunk as far as 

the mid-axillary 
line. 


: . Dr. F.B. 
4- Supp! | skin & 4- Supply skin & 7 | " rol Or george EJ 
Ms. of limbs. Ms. of neck. EB mane Prof. Dr. George Fa 


৪2৮ 


| ik divides # skina Ms. ef back 
hå 


ef trunk 
e" (MI 

= e ৩14৮7 & Ms. -e{ baci 
"f y LA ed veck. 


\ "y derr. ramus 


x sn &M 
surface > pela: 


À de clin os ef line w hs 


Vry verta" vamus 
* /end > form plexus 
Cr— & — CQ. 
- TF 3 Brachig! 
“E — 12 —> Intereast nj, 
Liu > L- 


| Ly EN T jadian s 
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| Relation between vertebrae & spinal cord segmel) | 


* Add 1 
* e.g. C3 vertebra > C4 segment. 


* Add 2 


* e.g. [3 vertebra > T5 segment. 


* Add 3 
* e.g. T7 vertebra > T10 segment. 


Prof. Dr. George E] 
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Relation between vertebrae & spinal cord segme 


* Add 4 
° je. T11 vertebra > L3 segment. , 


+ Add 6 
vertebr ° i.e. T12 vertebra > S1 segment. 


* Where spinal cord ends 
e Rest of segments > S2-Cc segn 


New Five Year Program Neuroscience module Lateral views =) 
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| Spinal cord: T.S. Structure © | 


2 halves: 


* Enclosing in its center: the Central 
canal*: Q) 


DORSAL 


1.Is continuous above with that of 
medulla oblongata. 


2.Ends below in conus medullaris by a 
Slight dilatation called Terminal 
ventricle. 


* Separated by: 

1- Post. median septum 

2- Ant. median fissure 

* Connected by: 
3commissures; _,,,,, : 

1- Post. Grey commissure. Prof. Dr. George F.B. E m 

2- Ant. Grey commissure. VENTRAL 


3-Ant. White commissure. | = 
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| Internal structure of each half © | 


Grey White 


KR. € matter matter 
7 A N. somata N. Fibers 
j (nuclei) (tracts) 
at Lat + blood vessels & + blood vessels & 
neuroglia neuroglia 
Ant. 
TG 3 horns columns 
Ant. 


(ant. 


(ant., post. 
post. + 


+ lat.) 


Prof. Dr. George F.B. 
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Tracts of the White matter 


o 


ER a. Dorsal root 
“3 columns: ies, " > 


1- Ant. (bet. ant. median fissure to exit N Pdst F 
zone of the ventral root) : / 

2- Lat. (bet. entry zone of dorsal root & 
exit zone of the ventral root) 


3- Post. (bet. entry zone of dorsal root & 
post. median septum). 


“3 types: 

1- Ascending (carrying sensations to 
higher centers). 

2- Descending (carrying motor orders 
from higher centers). 


3- Associative (connecting different 
segments of the spinal cord). 


Prof. Dr. George F.B. Ventral root 
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Lecture Quz (€) 


A patient is suffering from a lesion in the fifth cervical 
segment of the spinal cord; fracture dislocation of 
which of the following vertebra is most likely causing 
the lesion? 

a)C3 

b)C4 

c)C5 

d)C6 

e)C7 
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Lecture Quiz Answer D 


A patient is suffering from a lesion in the fifth cervical 
segment of the spinal cord; fracture dislocation of 
which of the following vertebra is most likely causing 
the lesion? 

a)C3 

b)C4 

c)C5 

d)C6 

e)C7 
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| Summary L\L ; © | 


* 3 parts of the brain (fore-, mid- & hind). 
e 3 components of the hindbrain (pons, medulla & cerebellum). 
* 3 parts of the brain stem (midbrain, pons & medulla). 


* 3 levels of spinal cord termination according to age (31৭ IU month, at 
birth, adults). 


* 3 exceptions of the cylinderical shape of the spinal cord (cervical 
enlargement, lumbar enlargement & conus medullaris). 


subdural & subarachnoid). 


* 3 ligaments traversing the subarchnoid space & supporting the spinal 
cord (filum terminale, denticulate lig. & subarachnoid septum). 


* 3 steps in the technique of lumbar puncture (bet. lig. flava, at L4 & 6 
structures pierced by the needle). 


* 3 diagnostic & 3 therapeutic purposes for which lumbar puncture may be El 
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